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A Personal Perspective 



Resources 
Workshop	  on	  Electroweak	  and	  BSM	  physics	  at	  EIC	  	  	  	  	  
6-‐7	  May,	  2020,	  	  	  	  Organizers:	  	  C.	  Gal,	  M.	  Gerike	  and	  W.	  Deconinck	  
Center	  for	  Fron*ers	  in	  Nuclear	  Science,	  Stony	  Brook	  U.	  
•  Experience	  of	  EW	  and	  BSM	  physics	  at	  HERA	  and	  lessons	  for	  EIC	  –	  E.	  Gallo	  (DESY)	  
•  BSM	  and	  EW	  with	  positrons	  at	  EIC	  –	  W.	  Melnitchouk	  (JLab)	  
•  Neutral-‐Current	  Weak	  Interac)ons	  at	  an	  EIC	  –	  Y.	  Zhao	  (IMP,	  CAS)	  

Gluons	  and	  the	  quark	  sea	  at	  high	  energies:	  distribu*ons,	  polariza*on,	  tomography	  
INT,	  September	  13	  –	  November	  19,	  2010	  
arXiv:	  1108.1713	  
	  
Physics	  with	  Positron	  Beams	  at	  Jefferson	  Lab	  12	  GeV	  
LOI12-‐18-‐004	  to	  PAC46	  
arXiv:	  1906.09419	  
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hEps://indico.bnl.gov/event/8110/	  



Richard	  Milner	   Radia)ve	  Correc)ons	  Workshop	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
July	  9-‐10,	  2020	   3	  



Elastic Electron-Proton Scattering 
at Moderate Q2 
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Direct Access to Two-Photon 
Exchange 
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Positrons at DESY 
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Positron	  Intensity	  
Accumulator	  

L-‐weg	  

R-‐weg	  



OLYMPUS Data 
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B.S.	  Henderson	  et	  al.	  
(The	  OLYMPUS	  Coll.)	  
Phys.	  Rev.	  Leb.	  
118,	  092501	  (2017)	  	  



World’s Data 
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A.	  Schmidt	  
Talk,	  yesterday	  
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A.	  Schmidt	  
Talk,	  yesterday	  



Two Photon Exchange 
eXperiment (TPEX) 

•  Only	  facility	  in	  world	  that	  can	  deliver	  positron	  beams	  for	  
foreseeable	  future	  for	  scabering	  experiments	  is	  at	  DESY:	  
	  -‐	  60	  nA	  of	  electrons	  
	  -‐	  30	  nA	  of	  positrons	  
	  -‐	  0.5	  to	  6.3	  GeV	  energy	  

•  Use	  DESY	  test	  beam	  facility.	  
•  TPEX	  is	  a	  new	  experiment	  under	  development	  to	  scaber	  
extracted	  e+/-‐	  beams	  from	  a	  liquid	  hydrogen	  target	  to	  
measure	  	  	  	  	  	  	  	  	  up	  to	  Q2	  =	  4.6	  (GeV/c)2.	  

•  Led	  by	  Douglas	  Hasell	  (MIT).	  
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TPEX Layout 
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•  x	  100	  )mes	  luminosity	  of	  OLYMPUS.	  
•  EM	  calorimeter	  using	  lead	  tungstate	  blocks.	  
•  Test	  development	  at	  DESY	  under	  way.	  



Collider Kinematics 
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Sofiaj	  &	  
Donnelly	  
Phys.	  Rev.	  C	  
84,	  14606	  (2011)	  



Electroweak, HERA 
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E.	  Gallo	  



Neutral current at high Q2 
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NC+CC cross  sections 
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CC polarized cross sections 
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Combined QCD+EW fit ZEUS-EW-Z 
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Standard Model Test, HERA 
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Flavor separation with e- and e+ DIS 

•  d/u	  ra)o	  at	  large	  x	  
•  Light	  quark	  sea	  asymmetry	  
•  Strange	  and	  an)-‐strange	  	  
	  	  	  	  quark	  PDFs	  
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W.	  Melnitchouk	  



d/u ratio 
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•  Allows	  direct	  extrac)on	  of	  d/u	  at	  large	  x	  	  
•  Measured	  at	  HERA	  out	  x	  =0.4	  
•  Need	  good	  sta)s)cal	  precision	  at	  larger	  x	  

Charged	  current	  structure	  func)ons	  in	  lowest	  order:	  



Light	  Quark	  Sea	  
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Flavor asymmetry of the light 
quark sea 
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Strange Quarks 
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Flavor Decomposition in 
Polarized DIS 
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Electroweak Interaction 
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W exchange in DIS region  
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unpolarized	  CC	  
structure	  
func)ons	  

Fundamental	  
Sum	  Rule	  
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x	  
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arXiv:	  1108.1713	  
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Deeply Virtual Compton Scattering 
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skewness	  
variable	  



Generalized Parton 
Distributions 
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Ji	  Sum	  Rule:	  

Forward	  limit:	  



Using DVCS to Access GPDs 
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Cross	  sec)on	  for	  ep	  -‐>	  ep	  γ:	  
	  



Interference Terms  
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The	  combina)on	  of	  polarized	  electron	  and	  polarized	  positron	  beams	  	  allows	  separa)on	  
of	  the	  DVCS	  amplitudes	  over	  the	  full	  kinema)c	  range.	  	  

Real	  and	  imaginary	  
parts	  of	  the	  Compton	  	  
amplitude.	  

e	  =	  charge	  of	  lepton	  	  



Beam Charge Asymmetry at  HERMES 
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DVCS Beam Charge Asymmetry at EIC 
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DVCS Beam Spin Asymmetry 
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•  Two-‐photon	  exchange	  
•  DVCS	  on	  neutron	  and	  proton	  
•  Search	  for	  new	  physics	  	  
	  	  	  	  	  in	  e+e-‐	  final-‐states	  
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Summary 

•  Positron	  as	  well	  as	  electron	  beams	  are	  needed	  for	  a	  
complete	  program	  of	  precision	  physics	  at	  EIC	  
	  -‐	  QED	  expansion/radia)ve	  correc)ons	  
	  -‐	  Electroweak	  
	  -‐	  DVCS	  

•  Technology	  in	  hand.	  
•  Not	  in	  the	  ini)al	  scope	  of	  EIC	  project,	  but	  positron	  
beams	  are	  highly	  desirable.	  
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